Most scleractinian corals build coral reef comu nities with other corals and microorganisms such as bac teria, including pathogenic species. The existence of a chemical defense system to prevent bacterial infection has been suggested by several researchers. We conducted anti bacterial screening of MeOH extracts from scle rac tinian coral tissues collected in Okinawa, Japan using 2 strains of grampositive bacteria (Bacillus subtilis and Staphylococcus aureus) and 4 strains of gramnegative bacteria (Escherichia coli, Pseudomonas aeruginosa, Serratia marcescens, and Vibrio harveyi). All 24 scler actinian coral samples had antibacterial activity against S. aureus. Extracts of Montipora digitata and M. informis possessed antibacterial activity against S. aureus and B.
Introduction
Coral reefs are composed predominantly of scleractinian corals, which are known as "stony corals" because of their hard calcium carbonate skeletal structure. Most sclerac tinian corals build coral reef comunities with other corals and microorganisms, including bacteria, fungi, and mi croalgae (Rohwer et al. 2001; Pantos et al. 2003; Kellogg 2004; Rosenberg et al. 2007; Bourne et al. 2009; Rosen berg et al. 2009 ). The presence of chemical defenses in corals to facilitate their survival in competitive environ ments was suggested about 50 years ago (Burkholder and There was a recent report on the presence of innate immune responses in the scleractinian coral, Pocillopora damicornis, where an antibacterial peptide prevented bacterial infection (VidalDupiol et al. 2011) . The whole genome of Acropora was recently sequenced and sub sequent genetic surveys of Acropora have indicated the presence of a more complex innate immune system com pared with other invertebrates (Shinzato et al. 2011) . Given that the immune system responds to bacterial in fection, chemical defense is considered to be the first bar rier against bacterial infection. Among scleractinian corals, Montipora and Acropora are two dominant genera which are very vulnerable to bleaching and bacterial deseases.
To evaluate the antibacterial activity of each coral, we conducted antibacterial screening of extracts of scler ac tinian corals mainly in Acropora and Montipora. We iden tified the antibacterial compounds of Montipora digitata and conducted partial separation on antibacterial sub stances of Acropora pulchra.
Materials and methods

General Methods
The chromatography system consisted of 2 HPLC pumps (Jasco, PU980), a UV/VIS detector (Jasco, Model UV970), and digital integration software (MacIntegrator II). ESITOF MS spectra were recorded using a JEOL JMST100LP mass spectrometer. 1 H NMR spectra were obtained with a JEOL ECA600 in MeOHd6 at 27.0℃. The resonance of residual MeOH at δH 3.30 ppm was used as an internal reference.
Bacterial strains
Bacteria including Bacillus subtilis (NBRC 13719), harveyi, was performed using ISP2 agar medium (Shirling and Gottlieb 1966) with incubation at 30℃. The marine bacterium V. harveyi was cultured on TCG agar medium (Newton et al. 2008 ) with incubation at 30℃.
Collection of coral specimens
Coral specimens were collected from shallow water reefs (＜1 m) around the Tropical Biosphere Research Center Saseko Station of University of the Ryukyus in Saseko Island, Okinawa, Japan . Branch tips of each species measuring 5-8 cm in length were collected in sterile plastic bags containing surround ing sea water and maintained at −80℃ until the extrac tion procedure.
Extraction of coral
Each frozen branch sample was crushed into small pieces with a plier and then smashed with mortar. The sample was extracted in the same volume of MeOH in a conical tube. The extract was centrifuged for 10 min at 3000 rpm. The supernatant was transferred into a test tube and the weight of the extract was measured after overnight air drying. The extract was redissolved in MeOH adjusted to a concentration of 10 mg/mL.
Antibacterial assays
MeOH extracts were tested for antibacterial activity using a standard agar plate assay-paper disk method (McCaffrey and Endean 1985) . Each extract (50 µL) was added to the paper disk (i.d. 8 mm, thick type), airdried, and placed on agar plates seeded with microbes. After incubation at 30℃ for 2 days, the diameter of the inhibitory zone around the paper disk was measured. To test their antibacterial activity, solutions of montiporic acids A and C were adjusted to 1 or 0.1 mg/mL in MeOH. Each solu tion (10 µL) was added to a paper disk (i.d. 6 mm, thin type) and placed on plates seeded with microbes. After incubation at 30℃ for 2 days, the diameter of the inhibitory zone around the paper disk was measured. with stepwise elution of 20%, 60%, and 100% MeOH.
Isolation of antibacterial compounds from
The 60% MeOH fraction, which showed potent inhibitory activity was subjected to HPLC purification using an ODS column (Nacalai Tesque, Cosmosil MSII 4.6×250 mm).
A sequential twostep elution was performed in the HPLC separation, i.e., step A: isocratic elution for 1 min using a solvent system consisting of MeCN/H2O/TFA (50:50:0.05) with a 1 mL/min flow rate;
Step B: gradient elution for 19 min from MeCN/H2O/TFA (50:50:0.1) to MeCN/H2O/ TFA (100:0:0.1) with a 1 mL/min flow rate. The HPLC-UV detector was set at an absorbance of 220 nm to detect compound 1 (montiporic acid C, 2.5 mg) and compound 2 (montiporic acid A, 1.7 mg).
Partial separation of antibacterial compounds from
Acropora pulchra
Tissue from Acropora pulchra (175 g, wet weight) was 
Results and Discussion
We collected 24 coral samples from coral reefs in Okinawa Island, Japan. Each sample was extracted with MeOH and subjected to an antibacterial assay using the paper disk method. The test bacteria comprised 2 strains of grampositive bacteria (Bacillus subtilis and Staphyl ococcus aureus), and 4 strains of gramnegative bacteria (Escherichia coli, Pseudomonas aeruginosa, Serratia marcescens, and Vibrio harveyi). Antibacterial activity was evaluated as the diameter of the inhibitory zone around the paper disk as shown in Table 1 . We found that all samples had inhibitory activity against S. aureus (Table   1) which showed potent inhibitory activity against B. subtilis was subjected to HPLC separation. As shown in Fig. 1, two major peaks were observed on the HPLC chart. HPLC isolation gave compound 1 (2.5 mg) and compound 2 (1.7 mg). Compounds 1 and 2 showed a inhibitory activity against B. subtilis, and these compounds were identified based on their ESIMS and 1 H NMR spectra.
Compounds 1 and 2 showed characteristics of oil after lyophylization. High resolution ESIMS of compound 1 showed an ion peak at m/z 257.1156 [M＋Na] ＋ calculated as C14H18O3Na (Δ0.25 mmu), and the molecular formula was established to be C14H18O3. 1 H NMR spectrum revealed 2 oxygenated methylenes, 3 unsaturated methines, and 5 alkyl methylenes (Fig. 2a) . The 1 H NMR chemical shifts of compound 1 were identical to that of a previously re ported compound, montiporic acid C (Alam et al. 2001); therefore, com pound 1 was identified as the known poly acetylene carboxylic acid, montiporic acid C (Fig. 3) . The high resolution ESIMS spectrum of compound 2 showed an ion peak at m/z 259.1308 [M＋Na] ＋ calculated as C14H20O3Na (Δ−0.14 mmu), so the molecular formula was established to be C14H20O3. As same as compound 1, compound 2 was identified as montiporic acid A (Fig. 3) by 1 H NMR spec trum analysis (Fig. 2b) The antibacterial spectra of montiporic acids A and C were determined using the paper disk method. Montiporic acids A and C showed inhibitory activity against B. subtilis and S. aureus with an inoculum of 10 µg (Fig. 4, Table 2 ), but they did not show any activity against the other 4 test bacteria under the same conditions.
Montiporic acids A and B were reported to have anti bacterial activity against Escherichia coli and cytotoxicity against P388 murine leukemia cells (Fusetani et al. 1996) .
Montiporic acids A and C showed inhibitory activity against grampositive bacteria, B. subtilis and S. aureus, but not against the 4 gramnegative bacteria tested in this experiment, includ ing E. coli. This is the first report of the specific anti bacterial activity of montiporic acids A and C against B. subtilis and S. aureus. Previously, montiporic Corals used in this paper were collected with permission from the Okinawa prefectural government (No. 23-36). 
